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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1~~

T!ENEmE AND COMPRESSIVE EROPERTD3 OF IAMUtATED

PLASTICS AT HIGH AND LOW ~

By J. J. Lanib,Isabelle Boswell, snd B. M. Axilrod

The tensile md compressive properties of.several tries of pkatic
laminates, which ere either in use or have potential application in air-
craft structures and parts, were determined at -700, 77°, and 2000 F.

,.

The materials investigated were an unsaturated-polyester lsmine.te
with glass fabric as reinforcement and several phenolic leminates with
asbestos fabric, high=strength paper, rayon fabric, and cotton fabric as
reinforcements. Both high~ressure and low=pressure cottokfabric phenolic
laminates were included.

The tensile strength of all the materials increased 15 to 33 percent
with change in the test temperature from 77° F to –70° F and the tensile
modulus of elasticity increaaed 23 to 60 percent. At 200° F all
materials except the asbestos-fabric laminate lost 20 to kO percent of
their tensile strength at 77° F and 15 to 30 percent of their tensile

.modulus of elasticity. The corresponding losses for the asbestos-fabric
laminate were 3 end 10 percent, respectively. The glass-fabric laminate
had the highest tensile strength and mdul~ of elastici@ of the materie2s
investigated, – namely, 43,000 and 3,000,000 pounds per square inch,
respectively.

The compressive strength of all the materiAls increased 30 to 85 per-
cent at -70° F and the compressive modulus of elasticity increased 10 to
60 percent. At 2000 F the compressive strength decreased 10 to 30 percent
and the compressive modulus of elasticity 15 to 30 percent. The glass-
fabric laminate had the highest compressive strength and modulus of
elasticity of the materiels investigated, - nemdy, ka,ooo end
3,300,000 pounds per square inch, respectively.

INTRODUCTION

,

A lamwledge of the effect of temperature on the strength properties
of plastics is of great importance in application of the ~terials for
aircraft structural purposes. Results obtained by various investigators
(references 1 to 5) on plastic materials indicate that large vaiation in
mechanical properties with change in temperature may De expected. —
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The present investigationwas undertaken to obtain the impact-,
flexural-, tensile-, and compressive-strength roperties of representative
laminates in the temperature range 8-70° to 200 F. Since testing at these
temperatures presents msmy problems not met in testing at room temperature,
a ma~or part of the pro~ect was concerned with the development of appsxatus
and techniques. A previous report (reference 6) summarized the results of
Izod impact and flexural tests on the selected,materials. This report
contains the results of tensile and compressive tests made on the S*
materials and at the same temperatures as the impact and flexural work.

The courtesy of the Army Air Forces, Bdkelite Corporaticm, Consolidated
Water Power and Paper Compsmy, Formica Insulation Company, Plaskon Division
of the Libbey-owens+ord Glass Ccmtpq, and the Synthaue Corporation in
furnishing materials for use in this investigation is gratefully aclamwledged.

This investigationwas conducted at the
under the sponsorship and with the financial
Advisory Committee for Aeronautics.

National Bureau of Standards
assistance of the National

The materials selected for testing included commercial grades of
high-pressure and l~ressure cotton-fabric phenolic laminates, asbestos-
fabric grade AA phenolic laminate, a high-strength~aper phenolic laminate,
a rsyon-fabric phenoltc laminate, two.experimental phenolic laminates made
under hfgh pressure and low pressure, respectively (in which tlaessme
grade C cotton fabric was used as filler), and a glass-fabric laminate
bonded with an unsaturated-polyesterresin. Grades C and AA are described
in A.S.T.M. tentative specification for Laminated Thermosetting Materials
(D70g-44T).

Samples of five of these laminates were studied at the University of
Illinois (reference 7) and the Pennsylvania State College (reference 8) in
research investigations of the mechanical properties of the materials.
Limited measurements of the tensile and compressive characteristics of the
laminates were made at 77° F in both of these projects.

The materials were supplied in nominal ~-inch aud $-Inch thiclmesses

in the form of sheets 3 feet square or lager. A detailed description of
the materials is contained in table I.

DEFINITIONS
.—

●

Tensile strength and compressive strength:
●

Tm
Ultimate strength =~
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where

Pm maximum load.

b width of specimen

d thichess of specimen

Secant modulus of elasticity for the stress range O to S1:

Q
N= el

where ‘1 is the strain at stress S1.

I&ml value:

The arithmetic meen of a set of measurements

Standard error of the mean (usually called the
other statistic is referred to at the ssme thin):

standard error if no

—

\

rl2 + r22 + r32 2 2+ ... +ri + ... +rn
S.E. =

n(*1)

where

Q
‘i difference %etween the i measurement and mesn value

n nuuiberof measurements

APPARATUS AND TEST PROCEDURE

The testing procedures outlined in Federal Specification &=6a
(reference 9) were followedas closely es possible. The spechne~e how–
ever, were not polished with ftie eme~ paper.after ~ch~-.
tensile spectiens were milled with a machine having a can+operated m:llin&
fixture for duplicating the desfred contour. The tensile snd compressive
spechens of the glass-fabric laminate were machined with c-bide-tipped
tools. The ends of the compressive specimens were ground.

The tests were made on two Baldwitiouthwsrk universal hydraulic
testing machines of the fluid+mpport, Bourdon-tube type. Machine A, of
60,000 pounds capacity, had scele ranges of 240, 2~0, 12,000, ~d
60,000 pounds andmachlne B, of 2400 pounds capacity, scele ranges of 2@~
1200, and 2400 pounds. Each machine was located in a room the atmosphere
of which was controlled at ’77°F and 50-percent relative htidity.
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Specimens
conditioned 96
peratures were

#-

tested at no F and 5C@percent relative humidity were
hours prior to the test. Spec-ns tested at other tem-
first conditioned in the same manner-and then were kept at_ 4

the testing temperature for 24 * 2 hours prior to the test. At least
five specimens of each ssmple were tested for each load orientation at
each temperature.

lmNsIIE TEsm

*

Tenpile tests were made according to Method 1011 in Federal Specifica-
tion ~-406a, by using the 1200=pound range of machine B and the 2400- and
12,000-pound ranges of maohine A. The specimen dimensions were those for
!&pe 1 of Method lOll; the length was 9 inches, the width was 0.75 inch,
snd the reduced section was ~ inches bng by O.n inch wide. Tests to

obtain tensile strength and load-elongation graphs were made at -70°, 77°,
and 200°F. For the l-temperature and high+temperature tests, the
specimen, the grips, and the strain gage were enclosed in an insulated
temperature-controlledcabinet (figs. 1 to 3). A triple~aned 12-by
12-inch window In the front, armholes, and interior lights enabled con-
venient handling of the specimens and equipment. b figure 1 the front
of the box has been removed to show the Templin grips, the specimen, and
the tensile strain gage. The two holes shown in the rear of the box in
figure 1 were used to circulate either hot or oold air from an American
Instrument Campsny conditioning unit shown in figures 2 and 3. Dry ice
was used to cool the air; heating was done with electric heaters.

Little difficulty waa encountered in tbe high-teqerature testing with
this equipment. At low temperatures, frost on the electrical contacts of
the gage was washed off with ethyl alcohol. Rusting of the gage and the
grips upon removal from the cabinet was avoided by immersing them in
alcohol until they attained room temperature. They were then disassembled
and dried thoroughly and the grips relubricated.

The tensile strain gage used was a nonaveraging Southwerk=eters
Plastics extensameter, model PS-6, with a 2-inch gage length, a strain
magnification of 400, and a strain range of 10 pwcent. This gage
seperates into two parts and hence waa left-on the specimen until failure.
In all tests the relative rate of head motion was kept constant at 0.05 inoh
per minute until the specimen failed.

The material used for the tensile tests had a nominal thickness of
1/8 inch (table I). Most of the materials were tested In both lengthwise
and crosswise directions at.the three temperatures. Tests in the
45° diagonal direction were made at ~°F only. All the tensile specimens
for a given material were teken from the seam eheet and those for testing
at the three temperatures were sampled appropriately from the four quarters
of the sheet. .

1 ,>
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COMFR?SSIVE TESTS

The ccmrpressivetests were made according to Method No. 1021 in
Federal Specification L4-406a (reference 9) on the 2400-, 12,00&,
end 60,0~ound ranges of machine A. Tests to obtain compressive strength
and load-compression graphs were made at -70°, 77°, end 200° F. For the
l-temperature ad high-temperature tests the specimen, the strain gage,
sad the compression tool were enclosed in en insulated temperature-
controlled cabinet. Hot or cold air was supplied to the insulated cabinet
from the same conditioning unit as was used for the tensile tests. The
problems of frost on the gage contacts and rusting of the apparatus were
handled essentidl.y as in the case of tensile testing.

Figure 4 shows the compression tool in the cabinet with the specimen
and strain gage in position for testing. The method of supporting and
loading the compression tool is indicated in figure 5. The steel supporting
and loading blocks are insulated from the platen and crosshead, respec-
tively, ~-tubuler phenolic laminate piece~. A view of
compression-tool plunger is shown in figure 6.

The compression tool incorporates several features
by Aitchisbn andhliller (reference 10).

the disassembled

of one designed

(1) A spherical seat at the
specimens with ends nonparallel.

(2) The load is transmitted
by means of a steel push rod end
the push rod. The upper end of
centric with the bearing so that

bottom of the plunger compensates for

from the testing machine to the plunger
a spherical bearing at the lower end of
the push rod is a spherical surface con-
the line of application of the load

remains as nearly as possible coaxial with the plunger during a lateral
displacement of the heads of the testing machine relative to each other.

....=

(3) me seat for the c’glwical lower bearing”block was bored cow
centric with the plunger bushings. A Jig, adjustable for specimens of
slightly different thiclmess, was used to center the specimen on the lower
bearing block to approximately 0.01 inch. This made rapid centering of
the specimen possible in the high-temperature end lowtemperature tests.

An averagi~@pe Southwark-eters compressometer, model R-4, with
a gage length of 1 inch, a strain magnification of 1000, and a strain
range of 4 percent was used in obtaining stress-train data. In testing,-
the relative rate of head motion was 0.01 inch per minute until about
50 percent of the nwximum load was attained. Then the strain gage was
removed and the rate of loading increased to 0.03 inch per minute.

The compression specimen was 2 inches long and 0.50 inch wide; the
thiclmess (0.45 to 0.60 inch) is
made for both the
at 77° F but only

lengthwise and
the lengthwise

given in table I. Compression tests were
crosswise directions of the materials
directions were tested at -70° and 200° F. .
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For some of the materiels, specimens oriented at 45° were tested at no F.
All the compression specimens for a given material were tsken from the
same section of the seinesheet but were not otherwise sampled since all
the specimens were taken from a piece of the sheet less than 1 square
foot in srea.

An additional set of specfmens was tested at no F to obtain the
strain at failure. A Southwark=eters deflectcmeter, model PD-1, was used
to measure the motion of the plunger in the compression tool relative to
the base of the tool. The deflectometer has low magnifications of 5, 10,
and 20 with a range of 2 inches and Iii@ magnifications of 50, 100, and 200
with a range of 0.2 inch.

RESULTS AND DISCUSSION

Tensile Properties at Various Temperatures

The results of the tensile tests of the plastic laminates at tempera-
tures of -70°, 77°, and 200° F are shown in table II. Values reported
included tensile strength, tensile s.ecsntmodulus of elasticity for several
stress rsnges, and total strain at failure. The percentage changes (from
the 770 F values) with temperature in the strength and in the secant- .f
modulus of elasticity for the lowest stress range ere also shown in table II.
The variations with temperature of tensile strength and tensile secant
modulus of elasticity are shown in figures 7 and 8, respectively. Average
tensile stress-train curves for tests at 77° F of all the laminates are

,.

shown In figure 9. Aversge tensile stress-strain curves for six of the
laminates at -70°, 77°, ~d 200° F are shown in figures 10 to 15.

The tensile properties of representative laminates at 770 F are
approximately as follows:

●
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&pe of leminate

Grade C phenolic
(low-pressure)

Tensile strength
(103 l%/sqti. )

9

Tensile secant
modulus of
el ticityl
Y(10 lb/sq in.)

0.8

Grade C phenolic
(high~ressure) I

10.5 I 1.0

Rsyo~otton-fabric
phenollc I 26(c)2~d 32(L)2 I 1.6(c)* and 1.9(L)2

High-strength~aper
phenolic

I
30

I
2.6

Asbestos-fabric
phenolic I 5(c)2 and 8(L)2 I 1.2(C)* and 1.5(L)2

Glass-fa%ric unsaturated-

1 33(C)2 and 43(L)2 I
2.6(c)2md 3.0(L)2polyester

%ecant modulus for lowest stress range given in table II.
2(C), crosswise; (L), lengthwise.

The tensile strengths and moduli of elastici~ of all the laminates increase

at -70° F and.decrease at 200° F r~lative to the 77° F values.

The three cotto~fabric phenolic laminates Ll, Vl, and.Wl exhibit
similar changes in tensile-trength properties with change in temperature.
The tensile strengths of these materials increase 15 to 25 percent
at -70° F and decrease 25 to 30 percent at 200° F compared with the
77° F values. Corresponding changes for the secant modulus of elasticity
at 2500 pounds per squsre inch are increases of about bO to m percent
at -70° F and decreases of about 20 to 30 percent at 200° F. Witt, Wolfe,
and Rust (reference Xl) in tensile tests at 770 F and 16oo F on a nwnb6r
of grade C phenolic leminates found average decreases in strength and
modulus of elastici~ of about 18 and 22 percent, respectively. In
making comparisons of data obtained at different laboratories, at least
three sources of divergence must be considered: (a) differences b?!~een _
samples, even if made nominally alfie, (b) differences in conditioning
procedure, and (c) differences in test procedure, apparatus, W Prep
aration of specimeu.

The reyon-fabric phenolic laminate Z1 shows the greatest percentage
increaae ( 5, crosswise =d 70,

2
lengthwise) in tensile modulus of elastic-

ity at -70 F. Other changes in the tensile properties of this laminate
me similar to those for the three cotto~fabric phendlic laminate-s.
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The h@h-strength~aper phenollc laminate S1 shows the largest
percentage decrease (~) in tensile strength at 2000 F of the laminates
tested. The percentage changes in modulus of elasticity at both -700
and 200° F are less for the paper (10 to 20 percent) than for the other
four laminates with cellulosic fillers.

Meyer end Erickson (reference 4) reported that the tensile strength
aud modulus of elasticity for high~trengt&paper lsminates decreased
about 35 and 15 percent, respectively, at 200° F relative to 75° F; these
values agree with the data in table II. The changes found by them at
sulmomal temperatureswere much less than those given in the present
report and included slight negative values. The material investigated by
Meyer and Erickson was quite similar to that tested in this laboratory as
regards resin, molding conditions, and paper base. A possible reason for
the small changes in both the tensile and compressive moduli of elasticity
at -69° F given by Meyer and Erickson is that their tests at the low
temperature were made at a different laboratory and with different means
of measuring the strain from those made at 75° F and higher temperatures.
Hence the uncertainty in the chemges they report for low temperatures may
be somewhat greater than the uncertain~ in corresponding changes obtained
in this laboratory, where all tests were made with the same equipment.

The asbestos-fabric laminate with decreases in tensile properties of
less than 10 percent at 200° F exhibits the least change of all the d

materials. Witt, Wolfe, and Rust (reference 11) tested several Grede AA
asbestos-fabric phenolic lsminates in tension. They found that average
decreases in strength -d modulus orfelasticity at 1600 F relative to 77° F P
were 6 and 15 percent, respectively.

Next to the asbestos-fabric laminate, the glass-fabric laminate ABl
shows the smallest percentage loss (20) in strength at 200° F, which is
approximately one-half that of the high-strength-paper laminate S1. The
glass-fabric lsminate also haa the highest percentage increase (33) in
tensile strength at -70° F. The percentage change in the tensile modulus
of elasticity of the glass-fabric l~nate is about the same as for the
high-strength-papqrlaminate at both the high snd low temperatures.

The approximate values for the percentage changes in tensile strength
end tensile secant modulus of elasticity at -70° and 2000 F relative to
the value at 77° F for the laminates investigatedmay %e summerized aa
follows:

.



Change In tensile
strength

!&pe of laminate
_~Oo F 200° l!’
(percent) (percent)

Grade C phenolic
(low-pressure) 25 -30

Grade C phenolic
(high-pressure) 20 -30

Reyo~otto*falmic
phenolic 25 -25

H@&strength-paper
phenolic 15

Asbestos-fabric
phenollc 15 -3

Glass-fabric unsaturated-
polyester (crosswise

.“ only) 33 +20

9

Change in tensile
secant mdulus
of elesticityl

–70° F ~0 F

(percent) (percent)

47 -18

45 –30

60 -30

23 -15

23 -lo

23 -20

%ecent modulus for lowest stress range given in table II..

The types of failure obtained in tension were slmilsr to those shown
by Findley and Worley (reference 7, fig. 49) end by Marin (reference 8,
fig. 41). The cotto-fabric phenolic laminates @i a_clean break, with -_
the exception of the low-pressure lamlnate V which also split on a
central ply. The high~trength paper had a brittle and slightly j~ged
bresk. In the glass-fabric laminate the failure was very irregular and
of the tongue-and~oove type, extending throughout the reduced section.
The manner of failure in the rsyon-fabric lemlnate H between that of the
glass-fabric and the cotton-fabric base laminates.

Compressive Properties at Various Temperatmes

The results of the compressive tests of the plastic laminates at
temperatures of –70°, 770, and 200° F sre shown in table III. Vslues
reported include compressive strength, compressive secant modulus of
elasticity at 2500, 5000, end 7500 pounds,per siuare inch, and total str~n
at maxhnnn load. The percentage changes (from the 77° F values) with
temperature 9f the compressive strength and modulus of elasticity are also
shown in table 111. The variations with te~erature of the compressive
strength and secant modulus of elasticity at 2500 ?otids per equere inch

..
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exe shown b ffgures 16 and 17, respective. AYerage compressive
stress-strain curves for tests at 77° F of all.the landnates are compmed
in figure 18. Average compressive stress+traln ourves for each of six
lsminates at -70°, 7P, and 200°F are shown In figures 19 to 24.

The compressive properties of the laminates at 77° F are apprmi-
mately as follows:

I I
Compressive Compressive modulus

Type of laminate of elasticity
(103sR/~fin. ) (106 lb/sq in.)

Grade C phenolic
(low=pressure) 19 0.9

Grade C phenolic
(high-pressure) 20 to 25 1.1 to 1.3

Rayon-ootton-fabric
phenolic 24 1.9(C)2 end 2.0(L)2

High-strength-paper
phenolic 19 2.7

Asbestos-fabric
phenolic 21 1.2(C)2 endl.5(L)2

Glass-fabric unsaturated-
po~ester 36(c)2 and 42(L)2 3.1(C)2 and 3.3(L)2

%ecant mcd.ulusfor stress rsnge 0-2500 lb/in.2
c (L), lengthwise.2(C), crosswise,

The compressive strengths and modul.iof elastici~ of sll the laminates
increase at -70° F and decrease at 200° F relative to the 77° F values.

The compressive strengths of the four cotto-fabric base phenolics ~
increase 50 to 70 percent at -70° F and decrease 10 to 30 percent at
2.oOoF. The compressive secant modulus of elasticity increases 30 to
60 percent at -70° F, with the greatest chsnge In the l~ressure
materials, and decreases 20 to 30 percent at 200° F. The two low-
pressure cotton-fabric phenolic laminates L2 andV2, made with the same
resin, show nesrly Identical vsriation in compressive properties with
temperature. Witt, Wolfe, end Rust (referenoe 11), who tested a large
group of semples of grade C phenolic laminate in compression at 77°
and 16oo F, found average decreases in compressive strength and modulus
of elasticity of about 22 percentrand 27 percent, respectively. Norelli
and Gard (reference 3), who
tures, indicate an increase
at -67° F and a decrease of

tested a grade C sample at various tempera-
in compressive strength of about SO percent
35 percent at 16PF relative to 770F.
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The high+ trength~aper and the rsyo~fabric phenolic laminates
increase In strength 85 percent at -700 F and decrease in strength 10
to 20 percent at 200° F. The chsnges in compressive modulus of elasticity
with temperature are less for the high-strength=paper lamlnate thsn for
the other cellulose-filled leminates, the increase at -70° F being
20 percent and the decrease at 200° F being 15 percent. Corresponding
values for the rsyon-cotton-fabric phenolic are 45 end 30 percents
respectively. The chsnges in compressive properties of a high~trength-
paper phenolic lsminate at -69Q F and 200° F relative to 770 F, reported
by Meyer end Erickson (reference 4), are in good agreement with the results
given in the present report except that they obtained much smaller
increases in modulus or elastl.ci* at 49° l?.

The asbestos-filled end glass-filled laminates K2 end AB2 in general
show much smaller variations in compressive properties with temperature
then the cellulose-filled laminates. The chsnges in ccxapressivestrength
and modulus of elasticity for the asbestos-fabric phenolic lsminate =e
30 snd 15 percent, respectively, at -70°F, and-lo -d-15 percent,
respectively, at 200° F. The changes in the glass+fabrlc lsminate are
almost the same except for the 30-percent loss in compressive strength
at 200° F.

The compressive-strength variation with te~erature of the Grade AA
asbestos-fabric laminate reported by Norelli and Gad (reference 3) agrees
in trend with but differs in magnitude from the data in table III. They
obtained an increase of less than 10 percent at -67° F and a decrease of
25 percent at 1670 F. No comparative data were found In the literature
for a glass-fabric laminate similar to the semple AB1.

The approximate values for the changes in compressive strength and
modulus of elastici@ at -700 and 200° F relative to the value at 77° F
for lengthwise specimens are as follows:
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Type of laminate

Grade C phenolic
(low=pressure)

Grade C phenolic
(high-pressure)

Reyon-cotto&
fabric phenolic

Hi@-etrengt&
paper phenolic

Asbestos–fabric
phenolic

Glass-fabric
unaaturated-
polyester

Change in compressive
strength

_~oo F 200° F
(percent) (percent)

50 -lo

50 to 70 –15 to -30

85 –lo

85

30 -lo

30 -30

Change in compressive
secant mod~us of

elasticity
(0 tO 2500 lb/sq in.)

-70° F

I

200° F
(percent) (percent)

45 I -30

20 I -15

15 I -15

10 –15

All the cotton-fabric laminates, the as%estos-fabric ltinates. ~d

the reyon-fabric laminates failed in-the ssme manner. The brew stbted
at the top of the specimen at one edge and went downward across the
machined face at--enangle between 45° and 60° to the horizontal. A
slmiler failure occurred in the lcnwpressure cottobfabric laminate
except that there was eplltting along a central pm. The line of failure
in the highatrength-paper laminate progressed from one corner to a
diagonally opposite corner partly at a 45° angle and partly %y delami–
nation. The glass-fabric laminate failed explosively and delaminated at
several places. Exemples of broken compression specimens of similsr
lamlnates sre shown
Msrin (reference 8,

comparison

~g:ir&ey and
●

of Temperature

Wor& (refere~ce 7, fig. 50) and by

Dependence of Flexural,

Tensile, and Compressive Pr~erties

-.

.

.

Table IV end figure 25 show the percentage changes in strength and
modulus of elasticity with temperature for flexural (data from reference 6),
tensile, and compressive test=.

..—.-.
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For the cellulose-filled laminates, the percentage chenges in tensile
end flexural strength with temperature for a given ssmple sre about the
same. These strength values increase 15 to 25 percent at -70° F end
decrease 25 to 40 percent at 200° l?. The compressive strength behavior
of the cellulose-filledmaterfals is different; the increases at -70° F
are 50 to 85 percent; the decreases at 200° F are only 10 to 30 percent.
For a iven laminate the percentage increase in compressive strength

~at —70 F is at least double the percentage increase in flexural or
tensile strength; at 200° F the ccmrpressiv~trength loss in percent in
general is one~elf the percentage loss in flexural or tensile strength.

The increases in the three moduli of elasticity of the five cellulose–
fabric laminates at –70° F are alout @ to 60 percent, and the decreases
in moduli of elastici~ at 200° F are Erom 15 to 30 percent. The high-
strength-paper laminate, the three modfii of which change very similarly
(fig. 25), shows smaller changes in moduli at -70° F than the other
cellulose-filled phenolics.

The percentage chsnges in flexural, tensile, and compressive strength
of the aabestos-fabric phenolic laminate are 15 to 30 percent at -700 F
and about -5 percent at 200° F. The changes in the three strength values
for the glass-fabric .lsminateme nearly slike, partic&rly at -70° F.
The %ehavior of the strength properties of the mineral-filled laminates
is in contrast with that of the cellulose-filled laminates,,for which the
vaiation in compressive strength is much different ficm that in flexursl
and tensile strength.

The respective increases in the flexural, tensile, and compressive ““– -
modul.iof the glass-fabric laminates at —70° F are eJmost equal to the
decreases at 200° F. The chsnges in flexural end compressive moduli sre

—

very nearly 12 percent; the tensile+nodulus changes exe 22 percent. The
variations with temperature for the three moduli of elasticity of the ‘
aabestos-fabric material differ; the changes at 200° F ere smaller and in
the reverse order of those at -70° F.

In examining the behavior of the materials at elevated temperatures
the effect of the conditioning period must be considered. Heating the
laminates may cause further cure of the resin and diminish the moisture
content. In the previous work on flexural properties of the laminates
(reference 6) it W- fowd tkt the flexural properties increased for
some laminates and decreased fcr others after heating for 24 hours at
200° F (when tested at 770 F). The effect of heating may he different for
the tensile, flexural, and compressive properties. Moreover,,the effect
of heating my very among vsxious Luninates. Thus, the flexural strengths
of all the cellulose-filled lemlnates decreased 7 to 15 percent as a
result of the heating; the two mineral-filled laminates, however, increased
8 percent in flexmal strength after heating (reference 6, table VI)..

The effect of high humidity combined with a temperature of 1500 F
on the fle~al strengths of the laminates was deteained in work previously
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reported (reference 6). Two phenoli.claminates, the high-strength-paper
material S2 ad a l~ressure grade C product V2 suffered the greatest
loss in strength of the materials tested.. It seems quite probable that,
If tensile and campresslve tests
humidity, some of the lsminates,
be considerably weekened.

Variation of Strength

were made at high temperature and -
such as the S2 and V2 materials, would

Properties of Laminates

with Orientation of Specimen

Table V and figures 26 to 29 give comparative @ta for tenelle and
compressive properties of the laminates in lengthwise, crosswise, and
45° orientations.

In all laminates the compressive%trength varies less with direction
than the tensile strength. The compressive strengths for the three
directions of test differ by 10 percent or less except for the glass-
fabric leminate, the compressive strength of which in the 45° diagonal
direction is only 60 percent of that fn the lengthise direction. More-
over, except for the glass-fabric laminate, the compressive strengths of
the laminates are within 10 percent of 21,000 pounds per square imch; the
tensile strengths of these seinelaminates (excluding the glass<abric
laminate) range from 5,000 to 32,000 pounds per square inch.

The relative constancy of compressive strength with verlatia of
direction and reinforcement indicates that the strength of the resin is
the ma~or factor in determining,the compressive stxength of fabric and
paper-base laminates. This conclusion was reached by Erickson andldackin
(reference 12j see p. 268 and tables 1 and 2) in regard to a parallel-ply
high-stiength-paper laminate.

In general, the tensile strength and the tensile and compressive
secant mcduli of elasticity of the cotton-fabric ad the high-strength-
paper phenolic laminates show snmll variations with the direction of test.
The diagonal values are about 10 to 20 percent lower than the other values.

The rayon-fabric and the glass-fabric Uxuinhtes show large variations
in tensile strength and tensile and compressive moduli with the direction
of test. The diagonal values are as low as 30 to x percent of the
lengthwise values. The rayon-fabric laminate, although a crossed-ply
laminate, shows the gre&test difference between the lengthwise and cromwise
values of tensile strength and tensile modulus of elastici~. This ~
be explained as follows: The rayon fabric, of higher strength and modulus
of elasticity than the resin, is practically unidirectional with regard
to strength. In the $-inch thicbess there are four plies lengthwise to

three crosswise. If the modulus of elasticity of the resin, smaXL
compared to that of the fabric, is neglected, tie ratio of lengthwise to
crosswise tensile modulus of elasticity should be 1.33; the measured

●

✎
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ratio ts 1.18. Application of the same idea to the compressive moduli
f~r 23-ply material i.ndAoates a corresponding ratio of 1.09; the measured
ratio is 1.07~

In the asbestos-fabric lamizmte, a eel-ply material, the tensile
strength and the tensile and compressive nmduli ~e greatest in the
lengthwise, least in the orosswise, smd intermediate in the diagonal
directions.

Strain at Failure

Exoept for the asbestos-fabric laminate, the elongation at failure
in tension is about the same for the lengthwise and crosswise directions.
It is greatest for the 45° diagonal direotion. The greatest elongations
in tension are those of the two low-pressure lambktes L and V and the
glass-fabric laminate in the 450 diagonal direction.

Table V also showsthat in compression the maxinnnnstrain at failure
ooours in tie 45° diagonal direction. In general, the sta-ain at failure
in compression is ~eater thau in tension for the same material and
orientation of spedmen.

The elongation in tension (table ~) for the cellulose-filled lamimates
Is greater at 77° F than at either -70° or 200° F. The deflection at
failure in flexuml testing (reference 6) is greater at 770 F than at
eithed -70° or 200° F for.the six cellulose-filled laminates. Meyer
@ Erickson (referenoe 4) have shown that the elongation at failure in
tension of a high-strength-paper laminate increases directly with the
nmisture content of the laminate. Therefore, part of the increase in
brittleness of the cellulose-filled.materiah at 200° F may be due to lib
decrease in moisture content of the laminates caused by 24 hours of con-
ditioning at 200° F.

CONCLUSIONS

From tensile and compressive tests of several types of plastic
laminates, the following conclusions q be dram!

1. The tensile and compressive strengths emdmoduli of elastici~ &
all laminates imrease at low temperature md deorease at hi@ temperature
relative to the values at 77° F.

2. For all laminates except the asbestos-fabric phenolla laminate,
the tensile Z compressive strengths at 200° F are approximately one-half
of the corresponding values at -700 F. The ohanges in the stmngbh values
of the asbestos-filled product are much smaller and less than for any
other laminate.
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39 For the cellulose-filled laminates, the Increase in compressive
strength at the low temperature is much greater in magnitude than the
decrqase at-the high temperature; the tensile-strength variation, however,
is less at the low temperature than at the high temperature. The tensile”
and flexural.stren@hs of’these materials exhibit similar temperature
.chamges.

4. The tensile and compressive moduli of all materials increase more
at the low temperature than they decrease at the high temperature. Except
for the hi@-strength-paper laminate, the over-all changes are greater
for the cellulose-filled than for the mineral-filled lamlnates. The hi@-
strengti-paper, asbestos<abric, and glass<abric laminates shuw about the
same over-all percentage variation of tensile and compressive nmdulf with
temperature.

5. The tensile strengths of the high-strength-paper, rayon-fabric,
and glass-fabric laminates are about three times greater than those of the
cotton-fabric and asbestos-fabric phenolics.

6. The glass-fabric laminate is outstanding in compressive strengbh;
at 77° F its strength is 36,000 end 42,000 pounds per square inch, respec-
tlvel..y,in the crosswise and lengthwise directions. The compressive
strength of the other laminates 3s 21,000 pounds per square inch within
about 10 percent. w

7. The tensile snd compressive moduli of elasticity of the @ass-fabric
and high-strength-paper lsminates are greater than for the other materials
at sll temperatures aml are in the range of 2,600,000 to 3,300,000 pounds

.

per square inch.

National Bureau of Standards
Washington, D.C., Merch 7, 1947
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Figure L- Interior view of tensile test enclosure with
extensometer attached.
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Figure 4.- Interiorview of compression testenclosure with specimen in Dti:e in
compression toold extewometer attach&L
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B, plunger (ballthrough which load is transmittedfrom rod D to plunger is insidelatter);
C, retainerfor bearing block; D, loadingrod; E, centeringwasher for MD; F, limit
collarfor plunger.
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Designation Type of laminate
K Asbestos -fabricphenolic
L Low-pressure cotton-fabric

phenolic
s High-strength-paper phenolic —
v Low-pressure grade C phenolic
w High -presswe grade C phenolic
z Rayon-cotton-fabric phenolic _

\ AB Glass -fabricunsaturated-

\
polyester

.

.s

O-J
0
l-i

40

30

20

h
t

AB crosswise

s

b

\

10

35

=w=-
0

-70 77 200
Temperature,°F

4

Figure 7.- Variation of tensilestrengthwith temperature for ~-inch-
8

thicklaminates. Lengthwise directionunless noted.
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NACA TIN NO.

Des@nation Type of laminate
K Asbestos-fabric phenolic
L Low-pressure cotton-fabric

phenolic
s High-strength-paperph~nolic
v Low-pressure grade C phenolic—
w High-pressuregrade C phenolic
z Rayon-cotton-fabricphenolic

AB Glass-fabricunsaturated-polyester

AB crosswise

v

i I I—— —
-70 77 200

Temperature,°F

Ehgure8.- Variationoftensilesecsntmodulus ofelasticitywith
.

temperature for ~-“ ch-thicklaminates. Lengthwisedirection.8W

Stressrsnges: O to 5030 pounds per squareinchforAB, S,and
Z; 0 to2500 pounds per squareinchforK, W, L, snd V.
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Designation Type oflaminate

K Asbestos-fabricphenolic
L Low-pressure cotton-fabric

phenolic
s High-strength-paperphenolic

Low-pressure grade C phenolic
: High-pressuregrade C phenolic

i z Rayon-cotton-fabricphenolic

AB
AB Glass-fabricunsaturatedpolyester

/

‘K
w

●

~

.0 I .02 .03 .04 .05
Strain.in. An.

FQure 9.- Tensilestress-strti &rves ofplasticlaminatesat77° F.
Lengthwisedirection.
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Figure10.- Tensilestress-shahcurvesforgradeAA ssbostos-fsbricphenolfc
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40
I

Tern erature
~F)
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{

.4
<7

8’> /
A
mo
;.20 /

m
al
* . .

z / 200

4
I
I

~ Secantmodulus ofelasticity

10
Temperature forstressrangeO to

5000lb/sqin.

(°F) , (lb/sqin.)
/

-70 3,180,000
77 2,610,000
200 ~~y 2,0m ,000

I I I
.004 .008 ..012 .016 .020

. Strain, in./in.

Figure 11. - Tensilestress-straincurvesofhigh-strength-paperphenolic _
laminateS1. Lengthwisespecimens.
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“Temperature—

(°F)
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I
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I
I I f
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F@re 12.- Tensilestress-straincurvesforlow-pressuregradeC

phenoliclaminateVI. Lengthwisespecimens.
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.
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I 2.5

Io.c

7.5

5.C

22

–70

.

Secant modulus of elasticity
Temperature for stress range O to

2500 lb/sq in.

(lb/sq in. )

-70 1,470,000
1,050,000

/

I t I

00 .01 .02 .03 .04

—

Strain, in./in.

Figure 13. - Tensile stress -strain curves for high-pressure grade C
phenolic laminate WI. Lengthwise specimens.#
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Tem erature
(gF)

-70

40 /

. 30
3
$

;
.

a
# 20 A

~
$

Secantmodulus of elasticity
Temperature for stress range O to

10 5000lb/sq in.

(°F) (lb/sq in.)

-70 3,200,000
1,87’0,000

‘; _
1,380,000

I *
.02 .03 .04

strain,hl./in.

Figure14. - Tensile stress-straincurvesforrayoq-cotton-fabric
phenoliclaminateZ1. Legnthwisespecimens.
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AB

z

I

w\

v

K

Designation Type of laminate
I Grade C phenolic

K Asbestos -fabric phenolic
L Low-pressure cotton-fabric— phenolic
s High-strength-paper phenolic
v Low-pressure grade C phenolic
w High -pressure grade C phenolic
z Rayon-cotton-fabric phenolic c.. -NACA—- .

AB Glass -fabric unsaturated -polyester -’ ‘--”

Temperature, ‘F
Figure 16. - Variation of compressive strength with temperature for

.,

.

~-inch-thick laminates.
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2.0(
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Designation me of laminate
I Grade C phenolic
K Asbestos -fabric phenolic
L Low-pressure cotton-fabric

phenolic
s High-strength-paper phenolic
v Low -pressure grade C phenolic
w High-pressure grade C phenolic
z Rayon-cotton-fabric phenolic

AB Glass -fabric unsaturated-polyester

AB

s

z

~

v

=S= ‘–

I I-- -..
–70 [/ duu

Temperature, ‘F

Figure 17. - Variation of compressive secant modulus of elasticity4

1

(O to 2500 lb/sq in. ) with temperate for $-inch-thick laminates.
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20

designation Type of laminaie “
I Grade C phenolic

K Asbestos -fabric phenolic
L Low-pressure cotton-fabric

phenolic
High-strength-paper phenolic

: Low-pressure grade C pheno~c —
w High-pressure grade C phenolic
z Rayon-cotton-fabric phenolic

AB Glass-fabric unsaturated-polyester
/

z

/

w

-29=’
.010 .015 “ .020

strain, in./hl.
Figure 18. - Compressive stress-strain curves of plastic laminates

at 770 F. Lengthwise direction.
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Secant modulus of
elasticity for Compressive_
stress range O strength
to 2500 lb/sq in.

-70 1,790,000 25,700
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“o .002 .004 ●006 .008
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Figure 19.- Compressive stress-strain curves of grade AA asbestos-
fabric phenolic lamina te IQ. Lengthwise specimens.
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Figure 20.- Compressive stress-strain curves of high-shngth-psp-er
phenolic laminate s2. Lengthwise specimens.
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/ Temperature
elasticityfor Coppressive
stressrangeO strength –
to2500lb/sqin.

(°F) (lb/sqin.) (lb/sqin.)—

-70 1,390,000 29,100—
860,000 1!2,400

2::
1

670,000 17,300
I

.004 .008 .012 ●

77 / /

*-==-

—

6
“-

Strain,in./in.

Figure 21.- Compressive stress -strain curves of low-pressure gr*e C
phenolic laminate V2. L&@hwise spe-cimens.
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Temperature

(°F)
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! R H m 1 I 1 1
Secant modulusof

Temperature elasticityfor Compressive
stressrangeO strength
to2500lb/sqh.

(°F) (lb/sqin.) (lb/sqin.)—

-70 1,540,000 31,s0
1,070,000 m ,400

r 2: ,I I 810,000 17,200oop-’-
●UU4

I I I I I I I IAA. AA. a,- ---
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Figure 22. - Compressive stress -strain curves of high-pressure grade C
phenolic laminate W2. Lengthwise specimens.
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Tempera&e

(°F)
/

8

.s /

$ “200

& /
/
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$4 r /
;
a) Secantmodulus of

b “ –Temperature
elasticityfor Compressive —
stressrangeO strength

6 to2500 lb/sqin.
2

(°F) (lb/sqin.) (lb/sqin.)

-70 2,970,000 46,100
77 2,030,000 24,600
200 1,460,OCQ 22,3X3

o I
o .002 .004 .006

strain,in./in.

Figure23.- Compressive stress -strain curves of rayon-cotion-fabric
phenolic laminate Z2. LengthwiSe specimens.
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El Secant modulus of
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5
stress range O strength _
to 2500 lb/sq in.
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-70 3,690,000 53,800
3,320,000 41,700

2 2,860,000
I
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Figure 24. - Compressive stress -strain curves of glass-fabric
unsaturated-polyester laminate AB2. Lengthwise specimens.
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Designation
T

i
L
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AB

Type of lamhate
Grade C phenolic
Asbestos -fabric phenolic
Low -pressure cotton-fabric phenolic ““
High-s~ength~aper phenblic
Low-pressure grade C phenolic
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Figure 25. - Comparison of changes in flexural (F), tensile (T), and
compressive (C) properties of laminated plastics with temperature.
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Hgure 26.- Tensile sbengtbs for lengthwise, crosswise, and 45°

diagonsl directions of ~-inch-thicklaminates.
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Figure 27’.- TeIIEile E!eUInt moduli of elasticis for kmgthwise, crosswise, and 46° diagonal

directions of $ inch-tick kuninstes at ‘f@ F. StrtIss rangam Cl to 6000 pounds per

square inch for AB, Z, and S; Oto 2500 Fomds per equine inch for K, L, V, ad W.
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Figure 28.- Compressive strengths for lengthwise, crosswise, and 45°
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1 inch-thick laminates at 77° F.diagonal directions of ~-
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E@re 29. - Compressive secant moduli of elastici~ (0 to 2500 lb/~ in.)

for lengthwise, crosswise, and 45° diagonaldirections of ~-inch-thick
laminates at 77° F.


